Aims/hypothesis. Diabetes is a rapidly rising independent risk factor for atherosclerosis and serious illness. This risk can be reduced by lifestyle changes and/or various drugs. Novel therapies to prevent diabetes, as well as new risk factors for diabetes, atherosclerosis and obesity require testing and identification. Methods. People with impaired fasting glucose or impaired glucose tolerance were randomised to ramipril (15 mg/day) or placebo and rosiglitazone (8 mg/day) or placebo with a 2×2 factorial design. They are assessed semi-annually for the primary outcome (diabetes or death). Diabetes is diagnosed if two consecutive plasma glucose levels exceed diagnostic thresholds (i.e. fasting ≥7.0 mmol/l or 2-h ≥11.1 mmol/l) within a 3-month period. Assuming an annual primary outcome incidence of 5%, there is more than 90% power to detect a 22% reduction. Approximately 20% of participants are having annual carotid ultrasounds to assess the effects on atherosclerosis. Patients screened but not randomised are being followed prospectively to identify determinants of obesity, diabetes and related disorders. Results. A total of 24,872 individuals in 21 countries were screened over 2 years and are eligible for followup. Of these, 5269 were randomised: 1835 (35%) had isolated impaired glucose tolerance, 739 (14%) had isolated impaired fasting glucose, and 2692 (51%) had both disorders. Annual carotid ultrasounds are currently being performed in 1406 randomised individuals. Conclusions/interpretation. The DREAM trial and related studies will determine if ramipril or rosiglitazone reduces the number of cases of diabetes and atherosclerosis, and will identify novel risk factors for diabetes.
that preventing the increase of glucose concentrations from levels that correspond with IGT or IFG to diabetic levels may reduce or eliminate these sequelae.
Several clinical trials have now shown that the incidence of Type 2 diabetes can be reduced in people with high risk by interventions that are typically used to reduce glucose levels in Type 2 diabetes patients. These include modest lifestyle changes, targeting a weight loss of approximately 5% of body weight as well as 30 minutes of physical activity per day [5, 6] ; metformin [5] ; and acarbose [7] . However, because of the high and rising prevalence of Type 2 diabetes, and because the underlying cause is heterogeneous and poorly understood, different approaches to prevention need to be tested in a variety of high-risk populations. Of particular interest are interventions that have already been shown to reduce CV disease, atherosclerosis and renal disease. Moreover, novel determinants of IFG, IGT, diabetes and obesity need to be identified both to deepen insight into the pathogenesis of diabetes and to identify new preventive interventions.
ACE inhibitors may reduce the number of new cases of diabetes.
It has been proven that ACE inhibitors reduce morbidity and mortality in a broad range of conditions [8, 9, 10, 11, 12, 13] . In the Heart Outcomes Prevention Evaluation (HOPE) trial, the ACE inhibitor ramipril was found to reduce the risk of CV disease in a broad range of diabetic and non-diabetic individuals [8, 14] . It also reduced the risk of clinical proteinuria and modestly reduced the glycated haemoglobin level in people with diabetes [14] . The possibility that ramipril prevents the development of diabetes was explored using data from the 5720 nondiabetic individuals who were enrolled in the HOPE study [15] . During 4.5 years of follow-up, individuals allocated to ramipril were 34% less likely to report a new diagnosis of diabetes than those allocated to placebo (95% CI: 15-49; p<0.001). These findings were robust; moreover, they were consistent with the change in glucose levels observed in a subset of nondiabetic people participating in a substudy of the HOPE trial. In the first 2 years the fasting plasma glucose increased by 0.41 mmol/l on placebo and by 0.25 mmol/l on ramipril (p=0.028) [16] .
The possibility that ACE inhibitors reduce the number of new cases of diabetes is also supported by data from the following: (i) the Captopril Primary Prevention Program [17] , in which captopril-treated hypertensive individuals had a 14% lower risk of developing diabetes over 6 years than people treated with a beta blocker or with thiazide; (ii) the Antihypertensive and Lipid Lowering Treatment to Prevent Heart Attack Trial [18] , in which 14,816 people with no history of diabetes at baseline experienced a 21.6% reduced risk of developing diabetes compared with people treated with amlodipine and a 39.6% reduced risk compared with people treated with chlorthalidone during the first 2 years of treatment; (iii) a recent subanalysis of the effect of enalapril on the development of diabetes in participants with left ventricular dysfunction [19] ; (iv) the Losartan Intervention for Endpoint Reduction in Hypertension trial, in which individuals with severe hypertension who were treated with the angiotensin-2 receptor blocker losartan had a 25% lower rate of diabetes diagnosis than those treated with atenolol [20] ; (v) the Candesartan in Heart Failure: Assessment of Reduction in Mortality and Morbidity trial, in which individuals with heart failure who were treated with the angiotensin-2 blocker candesartan had a 22% lower rate of diabetes diagnosis than those treated with placebo [21] ; and (vi) epidemiological evidence that ACE inhibitors can increase the risk of hypoglycaemia in people with pharmacologically treated diabetes [22] . Clearly, these findings support, but do not prove, the hypothesis that ACE inhibitors and/or angiotensin receptor blockers prevent diabetes. Indeed, these trials need to be considered in light of the fact that many of them compared ACE inhibitors and/or angiotensin receptor blockers with drugs known to worsen glucose tolerance such as diuretics and/or beta blockers. As such they are unable to distinguish between a protective effect of manipulating the renin-angiotensin system and a harmful effect of the comparator drugs.
Thiazolidinediones may reduce the number of new cases of diabetes. The thiazolidinediones (TZDs) are a class of drugs that reduce fasting and postprandial glucose levels by increasing insulin sensitivity [23] . This beneficial effect on glucose levels has been reported in diabetic individuals as well as in those with IGT, and in short-term studies, the TZD troglitazone converted IGT into NGT in the majority of subjects [24] . Moreover, in a 5-year trial of women with a prior history of gestational diabetes [25] , troglitazone reduced the rate of diabetes diagnosis by 55% (95% CI: 17-75; p=0.009). In light of the promising effects of TZDs, the drug troglitazone was initially included as one of the diabetes prevention therapies tested in the Diabetes Prevention Program; it was discontinued after approximately 1 year when an association with liver toxicity was found [26] , a problem that has not arisen with rosiglitazone or pioglitazone. Nevertheless, recent data has suggested that the short course of therapy using this drug reduced the number of new cases of diabetes by 75% and that the effect waned after the drug was stopped [27] .
In addition to its effect on glucose, there is evidence to suggest that the TZD rosiglitazone may preserve beta cell mass [28] . Other studies have reported that TZDs reduce atherosclerosis in people with diabetes [29] . As a result, several clinical trials testing whether or not TZDs reduce CV events are currently in progress.
The DREAM trial. The DREAM (Diabetes Reduction Assessment with Ramipril and Rosiglitazone Medication) trial is a large, international, multi-centre, randomised and double-blind controlled trial designed to determine whether treatment with ramipril and/or rosiglitazone prevents diabetes or reduces the number of new cases of diabetes in 5269 individuals with IGT or IFG. It will also determine whether either of the drugs restores NGT, lowers fasting or post-load glucose levels, reduces HbA 1 c levels, improves insulin secretion, reduces the chance of an aggregate cardiorenal outcome, or (in a subset of participants enrolled in the STARR substudy [the Study of Atherosclerosis with Ramipril and Rosiglitazone]) reduces the progression of carotid atherosclerosis. A parallel epidemiological follow-up study of consenting individuals screened for the DREAM trial (EpiDREAM) will also identify clinical and biochemical determinants of diabetes and related disorders. A description of the study design and the baseline characteristics of the recruited trial participants is provided.
Subjects, materials and methods
Eligibility. The study protocol and consent forms were fully reviewed and approved by the ethics committees of all of the participating centres, and all participants provided written informed consent for both screening and randomisation. Eligible participants for the trial were those aged 30 or over with IGT or IFG and no diabetes (i.e. a fasting plasma glucose [FPG] ≥6.1 mmol/l and <7.0 mmol/l, and a 2-h plasma glucose <11.1 mmol/l after a 75-g OGTT). Exclusion criteria are listed in Table 1 and included evidence of previous ischaemic CVD, heart failure or low ejection fraction, previous intolerance to ACE inhibitors and/or TZDs, and previous diabetes mellitus.
Screening. Individuals at high risk of developing diabetes were sought using a wide variety of strategies that varied by site and country, and that included public advertising and news reports in the media, internet items, referral from physicians, referral from relatives, poster displays, diabetes screening fairs and direct mailing campaigns. Respondents were invited to attend a screening visit after an overnight fast of at least 8 hours. After consenting to be screened, participants (i) had a brief examination which included anthropometric data, (ii) completed a comprehensive questionnaire which collected demographic, clinical, dietary and physical activity data, (iii) had an electrocardiogram, (iv) provided a urine sample and a fasting blood sample, and (v) consumed 75 g of anhydrous glucose in 300 ml of water. Additional blood samples were drawn after 30 minutes and after 2 hours. An aliquot of the fasting and 2-h blood sample was assayed locally for plasma glucose to determine eligibility for the trial. Participants with IGT or IFG who met the other eligibility requirements and who consented to the trial then entered the run-in phase, and were given placebo ramipril and placebo rosiglitazone to take daily in a single-blind fashion. Eligible individuals returned for a randomisation visit after 14 to 20 days.
Rationale, design and recruitment characteristics 1521 Other criteria a) History of diabetes (except gestational diabetes) or on oral hypoglycaemic medication b) Renal or hepatic disease (i) renal artery stenosis (ii) creatinine clearance <0.6 ml/s or serum creatinine ≥200 µmol/l (iii) clinical proteinuria (≥1 proteinuria on dipstick or ≥300 mg of albuminuria/day) (iv) measured alanine transferase ≥2.5 times the upper limit of normal (v) active liver disease including jaundice, chronic hepatitis, previous liver transplant c) Major illness with life expectancy of <5 years or that may interfere with participation d) Use of another experimental drug e) Pregnant or unwilling to use reliable contraception (fertile women will have a pregnancy test prior to randomisation) f) Major psychiatric disorder g) Diseases and medications that affect glucose tolerance (e.g. pheochromocytoma, Cushing's syndrome, acromegaly, steroid-dependent asthma, protease inhibitors, antipsychotics) h) Unwillingness to be randomised or to sign informed consent i) Known uncontrolled substance abuse j) Inability to communicate with clinic staff
In several countries, participants who did not meet the eligibility requirements, or who declined randomisation, consented to passive follow-up as part of the EpiDREAM study. The follow-up includes brief annual contact and a detailed assessment every 5 years of the impact of the baseline data on the future development of diabetes, IFG, IGT and other metabolic and clinical outcomes.
Randomisation and study intervention. Adherent participants who had not withdrawn consent were then randomised to blinded ramipril (starting at 5 mg/day) or placebo, and to blinded rosiglitazone (starting at 4 mg/day) or placebo according to a 2×2 factorial design (Fig. 1) . A subset of consenting individuals in selected sites that were able to measure carotid atherosclerosis ultrasonographically was enrolled in the STARR substudy. Once randomised, every participant will be followed until the scheduled study end, and all outcome events will be recorded even if blinded study medication has been stopped.
Follow-up blood testing for creatinine and potassium will occur at 0.5 months, and follow-up visits will occur at 2 months, 6 months, and then every 6 months thereafter, and all outcomes and events will be recorded until 3 years after the last patient is randomised. At the 2-month visit, the dose of ramipril study drug will be titrated to 10 mg and the dose of rosiglitazone study drug will be titrated to 8 mg. At the 1-year visit, the dose of ramipril study drug will be titrated to 15 mg/day.
Participants and their primary care physicians are provided with a list of all available ACE inhibitors, angiotensin-2 blockers and TZDs, and are advised to avoid these drugs and to inform the research staff if they are prescribed. If diabetes is diagnosed and requires pharmacological therapy, anti-hyperglycaemic agents other than a TZD will be prescribed and rosiglitazone study drug will be continued. If a participant develops a clear indication for an ACE inhibitor, ramipril study drug will be stopped to allow for the prescription of an open-label ACE inhibitor.
Ascertaining the primary outcome. The primary outcome is the development of diabetes, or death from any cause, during the treatment period (i.e. not during the subsequent washout period). Death is included to account for the association between diabetes and mortality and to avoid the problem of competing risk (i.e. diabetes may develop at a different rate in individuals who die than in individuals who do not).
Participants will be screened for diabetes at the 2-year and final visit by a formal 75-g glucose tolerance test with local glucose measurement. At other annual visits, a local fasting plasma glucose and glycated haemoglobin level will be measured, and an OGTT will be scheduled for the next visit in 6 months if the FPG is higher than 5.3 mmol/l and lower than 7 mmol/l, and the glycated haemoglobin is higher than 93% of the upper limit of normal for the assay (e.g. 5.6% if the upper limit is 6%) [30] . If at any time the FPG or the 2-h plasma glucose satisfies the diagnostic criteria for diabetes, a confirmatory local OGTT will be performed within 3 months. If neither the FPG nor the 2-h plasma glucose in the confirmatory local OGTT satisfies the diagnostic criteria for diabetes, an OGTT will be repeated at the next annual visit and then at each of the annual visits until the end of the study, or until diabetes is diagnosed.
Diabetes mellitus will be diagnosed if: (i) any diagnostic plasma glucose threshold is reached or exceeded on any two consecutive occasions, on two different days, in a 3-month period (i.e. the locally measured FPG is ≥7 mmol/l, or the local 2-h plasma glucose is ≥11.1 mmol/l); or (ii) a diagnosis has been made by a participant's physician, an oral hypoglycaemic agent has been prescribed, and evidence of a confirmatory glucose concentration can be obtained (FPG ≥7 mmol/l, or any glucose ≥11.1 mmol/l).
The drug washout evaluation. Individuals on an active drug and who do not develop diabetes during the trial may simply be responding to a glucose-lowering effect that could disappear as soon as the drug is stopped. Such an effect may occur with metformin [31] . To differentiate between this possibility and a more fundamental effect that reverses or arrests the process of diabetes development, the FPG and the HbA 1 c will be reassessed after a washout period of 2 to 3 months, during which two single-blind placebo drugs will be taken. Therefore, all participants will have an FPG and an HbA 1 c test done at this time. In addition, participants with no diagnosis of diabetes by the end of the active phase will undergo a final OGTT.
Ascertaining secondary outcomes. The key secondary outcome will be a combined cardiorenal outcome defined as either: (i) CV events (myocardial infarction, any stroke, CV death, revascularisation procedures, heart failure, new angina [with objective evidence of ischaemia], or ventricular arrhythmia requiring resuscitation); or (ii) renal events (progression of normoalbuminuria to microalbuminuria or macroalbuminuria, or progression of microalbuminuria to macroalbuminuria [clinical proteinuria], or a 30% decrease in calculated creatinine clearance). Other secondary outcomes include changes in simple measures of beta cell function, insulin resistance, glucose tolerance, glycaemic indices, albuminuria, ECGs, and reversion to NGT and normal fasting glucose.
The effect of the interventions on the progression of carotid atherosclerosis is being measured in the STARR substudy. Participants of the STARR are having a B-mode carotid ultrasound measurement of the carotid intimal-media thickness at baseline and annually until the study end.
Sample size and statistical analyses. The recruited sample size of 5269 individuals with IGT or IFG (see Results) has an estimated incidence of diabetes or death exceeding 4.5% per year, and will provide 90% power to detect a risk reduction attributable to ramipril or rosiglitazone of 22% or more (assum-
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The DREAM Trial Investigators: Fig. 1 . Design of the DREAM trial ing a type 1 error rate of 5% and 10% subadditivity between the interventions) during a projected follow-up period of 3 to 4 years. If the rate of diabetes diagnosis is significantly lower than anticipated, the duration of follow-up may be increased to maintain study power. The recruited sample size of 1427 participants in the STARR substudy provides at least 80% power to detect a difference in the rate of progression of carotid atherosclerosis of 25 to 30%.
The final results will be analysed using an intent-to-treat approach, whereby all participants in their randomly assigned treatment group will be included, regardless of their adherence to the assigned treatment regimen. All analyses of the results for rosiglitazone will be stratified for the effect of ramipril, and vice versa. The primary analysis will be of time to confirmed development of diabetes or death using a Cox proportional hazards model, stratified by the other treatment in the factorial design. For each of these treatments, statistical significance will be claimed if the p value is 0.05 or less. Possible interaction of the two treatments will be assessed by the inclusion of an interaction term in the model.
An independent Trial Monitoring Committee (TMC) is monitoring the study, and reviews the four planned interim analyses using conservative warning rules for efficacy (a reduction in the primary outcome by 4 standard deviations in the first half of the trial or 3 standard deviations in the second half) and harm (an excess of 3 standard deviations in the first half or 2 standard deviations in the second half). The TMC may recommend an extension in follow-up duration to maintain study power. Alternatively, if the statistical warning rule is triggered twice, and the totality of evidence is consistent with the analyses, the TMC will unblind the principal investigator to discuss early termination. If the results are clear for one intervention but not for the other, the study will continue to evaluate the other intervention. Table 2 ). The clinical and glycaemic baseline characteristics of these individuals are noted in Tables 3 and 4 . Of note is that the inclusion criteria were expanded to include individuals with isolated IFG in early 2003, and not all sites recruited this group of individuals. Thus, the proportion of individuals with isolated IFG does not reflect the prevalence of that abnormality throughout the screening period. Table 4 also shows the numbers of individuals who would be classified as having isolated IFG and isolated IGT based on the recently proposed lower threshold for the category of IFG (i.e. an FPG of ≥5.6 mmol/l) that was chosen after epidemiological analyses. The data suggest that this threshold predicted a risk of future diabetes similar to that predicted by the 2-h IGT threshold [32] .
Results

Recruitment began on 4 July
Details regarding the 1427 participants of the STARR substudy, and regarding the screened participants who consented to be followed in EpiDREAM, will be reported separately. Data are expressed as means (SD) or n (%)
Discussion
The DREAM trial of 5269 multi-ethnic individuals at high risk of diabetes will determine whether two promising therapeutic strategies, ramipril and rosiglitazone, prevent or delay the development of diabetes. It is a large, simple trial that will: (i) detect or exclude moderate benefits of therapy; (ii) determine the durability of any benefit in a broad range of high-risk participants with IGT and/or IFG throughout the world; and (iii) assess the impact of these interventions on the progression of carotid atherosclerosis (in the STARR substudy). It also includes mechanistic studies to assess insulin resistance and beta cell function, and provides opportunities to analyse stored blood samples in order to further our knowledge regarding the development of diabetes mellitus. Moreover, the EpiDREAM study of the patients screened during the DREAM trial will identify novel demographic, clinical, dietary, activity-related, biochemical and physiological determinants of diabetes, obesity and related metabolic disorders. The promise of any therapeutic strategy that prevents or delays diabetes lies in the assumption that preventing diabetes will also prevent the cardiovascular, renal, retinal, neurological and other consequences of the disease. Such an assumption remains unproven for the diabetes prevention studies that have been published to date, but is supported in the case of CVD by: (i) the long-term benefits of metformin when given to people with newly diagnosed diabetes [33] ; and (ii) a recent analysis of the small number of CVD events reported in a trial of acarbose for the prevention of diabetes [34] . Ramipril is already known to reduce the risk of CVD and renal disease in high-risk diabetic individuals and in non-diabetic individuals with vascular disease [8] . If it also reduces the risk of the development of diabetes in individuals with no evidence of vascular disease or diabetes, the potential public health benefit of utilising this drug will be clearly magnified. Similarly, the beneficial effect of rosiglitazone on insulin resistance and other cardiovascular risk factors, and evidence that other TZDs reduce atherosclerosis [29, 35] , suggests that rosiglitazone will also attenuate the complications of diabetes. This possibility is being tested within the DREAM trial as well as in other clinical trials with rosiglitazone.
Finally, the implications of this trial extend beyond the prevention of diabetes mellitus. The interventions are being tested in individuals with IFG and IGT, metabolic states that are themselves strong risk factors for CVD. Thus, in addition to determining whether they prevent diabetes, the DREAM trial will determine whether either drug alone (or both together) can repair an abnormal gluco-metabolic state and are thus an effective treatment for dysglycaemia. Moreover, a positive result for either or both drugs will suggest that the links between the renin-angiotensin system, glucose homeostasis [36] and CV disease are clinically important, and will highlight the relevance of elevated glucose levels as potentially responsive risk factors for CV disease.
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